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@ Emergency cooling system and method. 

An improved emergency cooling system and 
method Is disclosed that may be adapted for 
incorporation Into or use with a nuclear BWR 
wherein a reactor pressure vessel (RPV) con- 
taining a nudear core (3) and a heat transfer 
fluid (5) for circulation in a heat transfer rela- 
tionship with the core (3) is housed wittiin an 
annular sealed drywell (14) and is fluid com- 
municable therewitfi for passage thereto in an 
enDergency situation the heat transfer fluid In a 
gaseous phase and any noncondensibles pre- 
sent In the RPV, an annular sealed wetwell (16) 
houses ttie drywell (14), and a pressure sup- 
pression pool (20) of liquid is disposed in the 
wetwell (16) and is connected to the drywell (14) 
by submerged vents (22). The Improved 
emergency cooling system and method has a 
containment condenser (26) for receiving con- 
densible heat transfar fluid in a gaseous phase 
and noncondensibles for condensing at least a 
portion of ttie heat transfer fluid. The contain- 
n>ent condenser (26) has an inlet In fluid com- 
munication witti the drywell for receiving heat 
transfer fluid and noncondensibles, a first outlet 
in fluid communication with the RPV for the 
return to the RPV of ttie condensed portion of 
the heat transfer fluid and a second outiet (46) 
in fluid communication with the drywell (14) for 
passage of the nonoondensed balance of the 
heat transfer fluid and the noncondensibles. 
The nonoondensed balance of ttie heat transfer 
fluid and the noncondensibles passed to the 
drywell (14) from the containment condenser 
(26) are mixed with the heat transfer fluid and 
the noncond nsibles from th RPV for passag 
into the containm nt condenser (26). A water 
pool (27) is provid d in heat transfer r lati n- 
ship witti the containm nt condens r (26) and is 
thermally oommunicabi in an emerg ncy situa- 
tion witti an environm nt utsid of ttie drywell 



and the wetwell for conducting heat transferred 
from ttie containment condenser away from ttie 
wetwell and the drywell. 
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Background fth Invention 

Th pres nt inv nti n relates to nuclear tx>Ding 
wat r reactors (BWRs) and more particularly to th ir 
containm ntlnthe v nt of a nnatfunction. 

During normal operation of a nuclear BWR, 
steam Is generated from either a forced- or a natural- 
circulation of coolant water in heat transfer relation- 
ship with the nuclear fuel housed within a reactor 
pressure vessel (RPV). The nuclear fuel consists of 
file! rods which develop sut>stantial internal heat from 
the fission of a radioactive matmlal, such as uranium 
or the like. Even after shutdown of the reactor In the 
normal course of operatton or in the event of an emer- 
gency situation, decay reactions occurring in the fuel 
rods continue to generate heat for an extended period 
of time. Removal of this decay heat is necessary to 
maintain the structural integrity of the RPV, but must 
be effected without releasing radioactive steam or 
water to the environment 

The tnost serious emergency situation requiring 
reactor shutdown is generally perceived to be a rup- 
ture of the RPV or of a major codant line connected 
to the vessel, either resulting in what is known as a 
loss of coolant accident (LOCA). Another emergency 
situation which may require only a reductnn in heat 
generation and not a total shutdown of the reactor oc- 
curs in connection with the driving of an electric gen- 
erator with a turbine powered by the steam generated 
in a BWR. An electric generator can experience a sud- 
den loss of load. Attendant therewith is a concomitant 
reduction in demand for steam at a rate that exceeds 
the abOity of the reactor control system and the nor- 
mal cooling system to accommodate. In either of the 
emergency situations described, the decay or excess 
heat must be dissipated from the reactor without the 
release of radioactive materials to the environment 

To prevent the release of radbactive products in 
ennergency situations, the RPV typically is placed 
within a series of containment structures known as 
primary and secondary containment vessels. The pri- 
mary containment vessel consists of a drywell and a 
wetwell. The drywell contains the reactor and the 
coolant recirculation pumps and in more recent BWRs 
is a concrete cylinder with a domed top. The wetwell 
commonly is an annular chamber in which a pool of 
water is retained by an interior rear wall and by the prn 
mary containment vessel. During a LOCA, the steam 
released by the flashing of the coolant water is forced 
into the water of the wetwell and condensed, thereby 
lowering the temperature and pressure of the drywell 
atmosphere. For this reason, the wetwell is common- 
ly referred to as the pressure suppression pool. Con- 
necti n betwe n the drywell and the w tw II g n r- 
ally is provided by a number of horizontal cylindrical 
V ntsinth I werpartofth dryw llwall.Areinforced 
concret shield building usually constitutes th sec- 
ondary containment vessel. 



To remove the decay or excess heat from the re- 
actor after a LOCA, there is n rmallyprovid d within 
th secondary containment vessel a containment 
cond nser disposed in a water pool heat sink for re- 

5 ceiving and cond rising excess steam from th reac- 
tor and containment until the decay heat of the fuel 
rods is dissipated. TTie water pool heat sink is conrv 
monly opened to the atnrxisphere so that the specific 
and latent heat of the steam condensed can be re- 

10 moved from the reactor However, the radioactive 
steam and condensate themselves must remain in- 
side the reactor containment vessels for environmen- 
tal reasons. 

Although long-term heat removed is assured by 

15 the containment condenser, the condenser requires 
some bleeding to the wetwell to remove non-con- 
densable gases that can otherwise accumulate in the 
containment condenser and deleteriously effect heat 
transfer. Thus, a bteedline from the containment con- 

20 denser to the wetwell is provided. The outiet of this 
bleedline must be submerged in the pressure sup- 
pressbn pool above the uppermost horizontal vent on 
the drywell side of the drywell-wetwell boundary. By 
so locating the bleedline outiet, the pressure differ- 

25 ence between the higher pressure in the drywell and 
the lower pressure in the wetwell is used to drive any 
residual, noncondensed steam and any nonconden- 
sibles from the containment condenser and into the 
wetwell. The condensate is normally recycled back to 

30 the RPV. 

In traditional BWRs, the movement of cooling wa- 
ter to renrK>ve decay or excess heat in emergency sit- 
uations was effected as a result of forced circulation 
by electric- or diesel-powered water pumps. However, 

35 inasmuch as such pumps may fail at a critical time, 
newer BWRs feature passive- or natural-circulation 
emergency cooling without the use of active devices 
such as pumps or the like. With respect to flow from 
the containment to the containment condenser, natu- 

40 ral circulation flow may be achieved by proper loca- 
tion of the condenser to make use as a motive force 
the pressure differentials that develop t>etween the 
drywell and the wetwell. 

Especially for passive- or natural-circulation 

45 emergency cooling systems, special consideration 
must be given to the presence of noncondensibles in- 
side the containment condenser. In particular, non- 
condensit)les may accumulate in the containment 
condenser and degrade the heat transfer to such an 

50 extent that decay or excess heat renK)val is not pos- 
sible. Venting the noncondensibles and any reskiual, 
noncondensed steam firom the containment condens- 
er to the wetwell using the pressure differential be- 
tween th drywell and w twell provides a partial sol- 

55 ution. Howev r. the steam vented to the wetwell car- 
ries b th pecif ic and latent heat which will b trans- 
ferred to an upper gaseous layer inside the wetwell. 
The higher temperature of the upper layer will in- 
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crease the pressure inside the w twell and uitimately 
Insid th dryweil. ^4onconde^s^bi sinthecond nser 
will n t be transported to th wetwell through th 
ventline if the wetwell has a high r pressure than the 
drywell. The heat renrK>val through the cond nsorwill s 
then deteriorate by the accumulation of nonconden- 
sibles and pressure in the drywell wDI increase 
through the continuing.generation of steam caused 
by the decay heat Heat transfer will only resunie after 
the pressure In the drywell exceeds that in the wet- io 
well and the noncondenslbles have been vented to 
the wetwell. Inasmuch as there is no passive means 
to cool the wetwell, the pressure will remain high un- 
less active cooling systems are provided. Thus it may 
been seen that there remains a need for an improved is 
emergency cooling system for nudear BWRs. 

Broad Statement of the Invention 

The present invention is directed to an improved 20 
emergency cooling system method for nuclear 
BWRs. By providing for improved heat transfer be- 
tween a containment condenser which receives a 
heat transfer fluid and noncondenslbles in the gas- 
eous phase from the RPV and a water pool vented to 25 
the environment outside the containment structures 
of the BWR, the instant invention is able to efficiently 
remove excess or decay heat from the reactor core 
contained In the RPV during a LOCA to ensure the 
structural integrity of the containment structures sur- 30 
rounding the BWR in the event of an emergency sit- 
uation. The improved heat transfer Is effected by the 
enhanced renrK>val from the containment condenser 
of noncondenslbles which impmie heat transfer. 
Moreover, the enhanced removal of noncondenslbles 35 
from the containment condenser allows these non- 
condensit)les and any noncondensed steam to be 
vented Into the drywell of the BWR instead of to the 
wetwell. Consequently, the vacuum breaker check 
vake between t he drywell and t he wetwell , as well as 40 
active cooling systems for the wetwell, may be elinv 
inated. 

It is, therefore, an object of the instant invention 
to provide for an improved emergency cooling system 
for nuclear BWRs. The improved emergency cooling 45 
system may t>e especially adapted for incorporation 
into a nuclear BWR wherein a reactor pressure vessel 
containing a nuclear core and a heat transfer fluid for 
circulatton in heat transfer relationship with the core 
is housed within an annular sealed drywell and is f lukl 50 
communicable therewith for passage thereto in an 
enDergency situation the heat transfer fluid in a gas- 
eous phase and any noncondenslbles present in the 
RPV, an annular s al d wetwell houses the dryw II, 
and a pressure suppressi n pool of liquid is disposed 55 
in the w tw II and Is conn ct d to the drywell by sub- 
merged vents. Th Improv dem rgency cooling sys- 
tem has a containment condenser for receiving con- 



densible heat transfer fluid in a gaseous phas and 
n ncondensibles for cond nsing at least a porti n of 
th h at transf r fluid. The containment cond nser 
has an inlet in fluid conrununlcatlon with th drywell 
for receiving from th drywell heat transf r fluid in a 
gaseous phase and noncondenslbles, a first outlet in 
fluid communicatk)n with the RPV for the return to 
the RPV of the condensed portion of the heat transfer 
fluid and a second outlet in fluid comnminication with 
the drywell for passage to the drywell of the noncon- 
densed balance of the heat transfer flukJ and the non- 
condenslbles. The noncondensed balance of the heat 
transfer fluid and the noncondenslbles passed to the 
drywell from the containment condenser are mixed 
with the heat transfer fluid in the gaseous phase and 
the noncondenslbles from the RPV for passage into 
the containment condenser. The improved emergen- 
cy cooling system also has a water pool In heat trans- 
fer relatk)nship with the containment condenser and 
thermally communicable in an emergency situation 
with an environment outskie of the drywell and the 
wetwell for conducting heat b^nsferred from the con- 
tainment condenser away from the wetwell and the 
drywell. 

In one embodiment of the inventton. the inv 
proved heat transfer and enhanced noncondensible 
flow from the containment condenser Is effected by 
provkJing the containment condenser with a shroud 
defining a plenum in fluki connmunication with the 
first outlet and a plurality of tut>es for passage there- 
through of the heattrarYsferflukJ in a gaseous phase 
and the noncondenslbles from the drywell. The tubes 
may extend in flukj communication with a steam 
dome connected to the inlet and have annular centers ^ . 
and inner surfaces. At least a portion of the heat 
transfer fluki may condense in the tubes and flow 
through the tubes along the inner surfaces. The 
tubes may be oriented at an angle from between 20*" 
and 40** with respect to vertical so that condensate 
will collect on one side of the tut>es, making the con- 
densate thinner along the rest of the tube and thereby 
increasing the heat transfer rate from the contain- 
ment condenser to the surrounding water pool. Flow- 
trips may be incorporated Into the tubes adjacent the 
plenum for dropletizing the condensed portion of the 
heat transfer fluid flowing along the inner surfaces of 
the tubes. Dropletizing increases the shear between 
the condensate and the noncondenslbles and there- 
by dragging the noncondenslbles out of the tubes. 

In another embodiment of the invention, the inv 
proved heat transfer and enhanced noncondensible 
flow from the containment condenser is effected by 
providing the containment condenser with a shroud 
d fining a pi num in fluki communication with th 
first outlet and a plurality of vertical tubes for passage 
therethrough of the heat transf r fluid in a gaseous 
phase and the n ncond nsibi s from the drywell. 
The tubes may xtend in fluid convnunication with a 
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steam dom conn cted to the inlet and hav annular 
centers and inn r surfaces. At I ast a portion of th 
heat transfer fluid nrtay cond nse in th tut>es and 
flow through the tubes along th inner surfaces. 
Flowtrips nnay be incorporated int th tubes for dro- 5 
pletizing the condensed portion of the heat transfer 
fluid flowing along the inner surfaces of the tubes and 
for directing the droplets produced by the dropletizing 
to the annular centers of the tubes. 

It is also an object of the invention to provide a io 
method for cooling a nuclear BWR in the event of an 
emergency situation. The method Is especially suited 
for nuclear BWRs wherein a reactor pressure vessel 
(RPV) containing a nudear core and a heat transfer 
fluid for circulation In heat transfer relationship with is 
the core is housed within an annular sealed drywell 
and is fluid communicable therewith for passage 
thereto in an emergency situation the heat transfer 
fluid in a gaseous phase and any noncondensibles 
present in t he RPV, an an nular sealed wetwell houses 20 
the drywell, and a pressure suppression pool of liquid 
is disposed in the wetwell and is connected to the dry^ 
well by submerged vents. Heat transfer fluids are 
evaporated by the decay heat of the reactor core 
placed in the RPV. The vaporized fluids will flow into 25 
the drywell via a vent connected to the RPV that is 
opened upon detection of a LOCA. 

Therefore, in its preferred embodrnrtent, the 
method includes passing at least a portion of the heat 
transfer fluid and the noncondensibles finom the RPV 30 
into the drywell for mixing with heat transfer fluid and 
noncondensibles from a later step of the method. The 
mixed heat transfer fluids and noncondensibles are 
then passed from the drywell and through a contain- 
ment condenser for condensing at least a portion of 35 
the heat transfer fluid. The condensed heat transfer 
fluid is returned to the RPV. The noncondensed bal- 
ance of the heat transfer fluid and the noncondensh 
bles are returned to the drywell wherein they are 
mixed with with the heat transfer fluid and the non- 40 
condensibles from the RPV for passage into the con- 
tainment condenser. 

In one embodiment of the instant method, the 
containment condenser is provided with a shroud de- 
fining a plenum in fluid communication with the RPV 45 
and a plurality of tubes for passage therethrough of 
the heat transfer fluid the noncondensibles from the 
drywell. The tut>es may extend in fluid corrvnunication 
with a steam dome in fluid communication with the 
drywell and have annular centers and inner surfaces. 50 
At least a portion of the heat transfer fluid may con- 
dense in the tubes and flow through the tubes along 
the Inner surfaces. The tubes may be oriented at an 
angi from between 20'' and 40° with respect to vert- 
ical so that condensate will collect on ne side of the 55 
tubes, making the cond nsate thinner along th rest 
f the tub andth reby increasing th heat transfer 
rate from the containment cond nserto the surround- 



ing water pool. Flowtrips may be incorporat d into th 
tubes adjacent th pi num for dropi tizing th con- 
d nsedporti nofth heat transfer fluid f I wing along 
the Inner surfaces of th tubes. DropI tizing increas- 
s th shear t)etween the condensate and the non- 
condensibles and thereby dragging the nonconden- 
sibles out of the tubes. 

In another embodiment of the instant method, 
the containment condenser is provided with a shroud 
defining a plenum in fluid communication with the 
RPV and a plurality of vertical tut>es for passage 
therethrough of the heat transfer fluid and the non- 
condensibles from the drywell. The tubes may extend 
in fluid communication with a steam dome in fluid 
communication with the drywell and have annular 
centers and inner surfaces. At least a portion of the 
heat transfer fluid may condense in the tubes and 
flow through the tubes along the Inner surfaces. 
Flowtrips nuiy be incorporated Into the tubes for dro- 
pletizing the condensed portion of the heat transfer 
fluid flowing along the inner surfaces of the tubes and 
for directing the droplets produced by the dropletizing 
to the annular centers of the tubes. 

These and other objects, features and advantag- 
es of the instant invention wDI be readily apparent to 
those skilled in the art based upon the disclosure 
contained herein. 

Brief Description of the Drawing 

Fig. 1 is a simplified schematic diagram of nude- 
ar BWR system having an emergency cooling system 
according to the instant invention. 

Fig. 2 is an elevational cross*sectional view taken 
through reference line 2-2 of Fig. 3 of one embodi- 
ment of a flow trip according to the instant invention. 

Fig. 3 is a cross-sectional view taken through ref- 
erence line 3-3 of Fig. 2 of one embodiment of a flow- 
trip according to the instant invention. 

Fig. 4 is an elevational cross-sectkinal view taken 
through reference line 4-4 of Fig. 5 of another em- 
bodiment of a flow trip according to the instant inven- 
tion. 

Fig. 5 is a cross-sectional view taken through ref- 
erence line 5-5 of Fig. 4 of another embodiment of a 
flowtrip according to the instant invention. 

The drawings wOl be described further in connec- 
tion with the following DetaDed Description of the In- 
vention. 

Detailed Description of the Invention 

Referring initially to Fig. 1 , a nudear BWR system 
is shown g neraily at 1 . Reactor 10 containing a core, 
3, and working fluid, 5, can be seen to be housed 
within reactor containm nt 1 2 which also defines dry- 
w II 14. Working fluid 5 g n rally consists of liquki 
water which is vaporized upon drculation in a heat 
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transfer relatbnship with core 3 and passed via a 
main steam line t aturbin (not shown). Additi nally, 
reactor 10 may contain gaseou n ncondenslbles, 
such as in rt gases and th lik .Alsohous d within 
containm nt 1 2 is wetw I1 1 6 which is also defined by 5 
wall 1 8. Annular pressure suppression pool 20 is con- 
tained within wetwell 16 and connects drywell 14 and 
wetwell 16 via vent 22. Disposed outside of contain- 
ment 12 Is upper pod 24 which contains a contain- . 
ment condenser, shown generally at 26. Alternatively, jQ ) f o 
containment condenser 26 may be disposed within Iff 
containment 12. || 

With respect to implementation of the emergency 
cooling system that is the subject of the Instant inverv 
tion, reactor 10 may be seen to be communicatee In is 
a postulated emergency situation with drywell 14 via 
vent 28. In a postulated LOCA or other emergency sit- 
uation wherein the main steam line from the reactor 
is closed or steam flow therethrough is reduced, a 
gaseous-phase steam and noncondensible mixture 20 
will flow from reactor 10 Into drywell 14 upon the ac- 
tuation of vent 28. The direction of the emergency sit- 
uation flow from reactor 10 Into drywell 14 is as rep- 
resented by arrows 30 and 32. As the gaseous steam 
and noncondensibles released from reactor vessel 10 25 
may result in a sudden Increase in pressure in drywell 
14, pressure suppression pool 16 is provided to 
dampen such transitory phenomena and thereby er>- 
sure the structural integrity of containment 12 such 
that no radioactive materials are released to the en- 30 
vironnrwnL 

When the pressure In drywell 14 exceeds that in 
containment condenser 26, the gaseous steam and 
noncondensible mbcture will flow from drywell 14 Into 
containment condenser 26 via line 34 as represented 35 
by arrow 36. At least a portion of the latent and spe- 
cific heats of the steam and noncondensible mixture 
are renrwved firom drywell 14 via transfer to upper pool 
26 and exhaustion through vent 38 as represented by 
arrow 40. The heat transfer from the steam and non- 40 
condensible mbcture to upper pool 24 via containment 
condenser 26 results in the condensation of at least 
a portion of the steam component of the steam and 
noncondensible mbcture passed through containment 
cx>ndenser 26. Condensate is passed from contain- 45 
ment condenser 26 to reactor 10 via line 44 as repre- 
sented by arrow 46. The noncondensed balance of 
the steam and noncondensible mixtura Is returned to 
drywell 14 via outlet 48. Upon return to drywell 14, the 
noncondensed balance Is mixed with the steam and 50 
noncondensible mixture passed from reactor 10 to 
drywell 14. The steam added to drywell 14 via vent 28 
from reactor 1 0 coupled with temperature differentials 
and condensation in containnDont condenser 26 will 
result in the development of a recirculation flow to 55 
containm ntcond ns r26vialin 34. 

Withe ntinuedref renc t Fig. 1,th acivantag- 
es of the Instant inv nti n are revealed upon a closer 



examination f containment condenser 26. Contain- 
ment cond nser 26 may be se n to compris a 
shroud, 50, defining a pi num, 52, In fluid communi- 
cation with outlet 48 and a plurality fv rtical tubes, 
54, for passag therethrough of th steam and non- 
condensible mbcture. Tubes 54, which may be linear 
or helical coDs, may be seen to extend in fluid comv 
munlcation with a steam dome, 56. connected to dry- 
well 14 via line 34. 

At least a portion of the steam component of the 
steam and noncondensible mixture may condense in 
tubes 54 and flow therethrough along their inner sur- 
faces. As the condensate is passed from tut>es 54 into 
plenum 52, the shear effect on the noncondensible 
component of the steam and noncondensible mixture 
is Increased. This Increased shear and the higher 
density of the noncondensibles compared to steam. 
In effect, drag the noncondensibles out of contain- 
ment condenser 26. Inasmuc:h as the heat transfer In 
containment condenser 26 is governed by the diffu- 
sion of steam vapor nnolecules through a nonconden- 
sible layer toalaminarcondensatefilm flowing on the 
inner surfaces of tubes 54, the presence of noncon- 
densibles In containment condenser 26 may be seen 
as an Imped Inient to the renwval of heat form (x>ntain- 
ment 12. By providing for the removal of nonconden- 
sibles from containment condenser 26, the heat 
transfer between upper pocA 24 and containment con- 
denser 26 is enhanc^ed. Moreover, as there is no ao- 
c^umulation of noncondensibles in containment con- 
denser 26, the need for a vent line from cx>ntainment 
c:ondenser 26 to suppression pool 20 is eliminated. In- 
stead, the noncondensibles and any noncondensed 
steam may be vented directly into drywell 14. Conse^ 
quently, the vacuum breaker check valve between 
drywell 14 and wetwell 16, and the active ccx>llng sys- 
tems for wetwell 16, normally associated with emer- 
gency cooling systems also become superfluous. 

Alternatively, as shown at 58, tubes 54 may be 
oriented at an angle from between about 20'' and 40** 
with respect to vertical. Orientation at such inclination 
allows condensate to collect on one side of the Inner 
surfaces of tubes 54, making the condensate thinner 
along the rest of the tube and thereby increasing the 
heat transfer rate from containment condenser 26 to 
upper pool 24. Preferably, the length of plenum 52 is 
about twice the length of tubes 54. 

Advantageously, flowtrips may be Incorporated 
Into tubes 54. Rowtrips may be used to dropletize 
f/.e.. thefornrmtion of tiqukj dropelets) the condensate 
(shown generally at 60) flowing along the inner sur- 
faces of tubes 54. Dropletizing Increases the shear 
between the condensate and the noncondensibles 
and th reby enhances the dragging of the n ncon- 
denslbles out oftubes 54 and containment cond ns r 
26. For vertical tubes 54, flowtrips may be Incorporat- 
d Into the tubes at a preferred spacing of b tween 
about 20-50 hydraulic diameters. For slanted tubes 
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58, flowtrips may be incorporated into the tubes ad- 
jac ntpl num52. 

Ref rring to Figs. 2-5, possibi embodintents of 
flowtrips according to the Instant invention are shown. 
R f rring to Fig. 2 initially, a fl w trip is shown as conrv 5 
prising a cylindrical channel, 62, circumscribed Into 
the inner surface 64 of tube 54 and terminating Into 
generally V-shaped flutes, 62a-c. Condensate 66 
flowing down channel 62 of tube 54 is tripped by flutes 
62a-c, dropletized. and directed towards annular cen- io 
ter 68 of tube 54. Looking to Fig. 3, it may been seen 
that flutes 62a-c teminating channel 62 may be equi- 
laterally spaced about inner surface 64 of tube 54. 

Turning to Fig. 4, another embodiment of a flow- 
trip according to the instant invention is shown as is 
comprising three, equilateral-spaced fins, 70a-c. As 
may be seen In connection with Fig. 5, fins 70a-c may 
extend from inner surface 64 of tube 54 towards aiv 
nular center 68. Fins 70a-c may be acutely angled 
with respect to inner surface 64 of tube 54. Conden- 20 
sate 66 flowing down Inner surfece 64 of tube 54 Is 
tripped by fins 70a-c, dropletized, and directed to- 
wards annular center 68 of tube 54. 

As to nr^terials of construction, preferably all 
components are manufactured from materials appro- 25 
priate for their use within a nuclear BWR. Further, it 
will be appreciated that various of the components 
shown and described herein may be altered or varied 
in accordance with the conventional wisdom in the 
field and certainly are Included within the present in- 30 
vention, provided that such variations do not materi- 
ally vary within the spirit and precepts of the present 
Invention as described herein. 



Claims 

1. An improved emergency cooling system in a nu- 
clear tx)lling water reactor (BWR) facility wherein 
housed within a sealed annular drywell is a reac- 40 
tor pressure vessel (RPV) which contains a nu- 
clear core and a condensible heat transfer fluid 
for circulation In heat transfer relationship with 
said core, and which \s fluid communicable in an 
emergency situation with said drywell for pas- 45 
sage thereinto of gaseous phase heat transfer 
fluid and any noncondensibles in said RPV; an 
annular sealed wetwelt which houses said dry- 
well; and a pressure suppression pool of liquid 
which is disposed In said wetwell and Is connect- so 
ed to said drywell by submerged vents; said inv 
proved emergency cooling system comprising: 
(a) a containment condenser 

(i) having an inl t in fluid communication 
with said drywell for receiving cond nslble 55 
gaseous phas h at transf r fluid and 
noncondensibles therefrom for the con- 
d nsationofatleasta portion of said heat 



transfer fluid; 

(ii) a first uUet in fluid communicati nwith 
said RPV for the return to said RPV of th 
condensed portion of said heat transfer 
fluid; and 

(III) a second outlet in fluid communication 
with said drywell for passage to said dry- 
well of the noncondensed balance of said 
heat transfer fluid and said noncondensi- 
bles; and 

(b) a water pool in heat transfer relationship 
with said containment condenser for conduct- 
ing heat away from said containment con- 
denser. 

2. The improved emergency cooling system of claim 

1, wherein said containnrient condenser addition- 
ally comprises: 

(iv) a shroud defining a plenum which is in 
fluid connmunication with said first outlet; 

(v) a steam dome; and 

(vi) a pturedity of tut>es running from said 
steam dome to said plenum for passage there- 
through of said gaseous phase heat transfer fluid 
and said noncondensibles from said drywell, said 
tubes having annular centers and inner surfaces, 
at least a portion of said heat transfer fluid con- 
densing in said tubes and flowing through said 
tubes along said inner surfaces. 

3. The bnproved emergency cooling system of daim 

2, wherein said tubes are disposed at an angle of 
from between about 20° and 40° with respect to 
vertical. 

4. The improved emergency cool Ing system of daim 
2, wherein said tubes are disposed vertically. 

5. The omproved emergency cooling system of daim 
2, wherein said tubes are linear, or are helical 
colls. 

6. The improved emergency cooling system of daim 

2, wherein the length of said plenum is about 
twice the length of said tubes. 

7. The improved emergency cooling system of daim 
4, wherein flowtrips are incorporated into said 
tubes for dropletizing the condensed portion of 
said heat transfer flu Id flowing through said tubes 
along said inner surfaces and for directing the 
droplets produced by said dropletizing to said an- 
nular centers of said tubes. 

8. Thebmprov d emergency cooling syst m of daim 

3, wh rein flowtrips are incorporated into said 
tubes adjacent said shroud f r dropletizing the 
c ndensed portion of said h attransferfluidflow- 
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ing through said tubes along said Inner surfaces. 

9. Th improved merg ncy cooling syst mofdaim 
7 r 8 wherein said flowtrips are fins which extend 
inwardly from said Inn r surfaces of said tubes. s 

1 0. The improved emergency cool ing system of claim 
7 of 8 wherein said flowtrips are a plurality of V- 
shaped flutes terminating a cylindrical channel 
circumscribed Into said Inner surfaces of said io 
tubes. 

11. Hie improved emergency cooling system of daim 
1, wherein said heat transfer fluid and said non- 
condensibles are passed from said RPV to the is 
drywell and then through said containment con- 
denser by negative pressure differentials. 

12. A method for renrK>ving heat from a reactor pres- 
sure vessel (RPV) with an emergency cooling 20 
system of any one of daims 1 to 11 , which conrv 
prises: 

(a) passing at least a portion of said heat 
transfer fluid and said noncondensibles from 
said RPV into said drywell for mbdng with heat 25 
transfer fluid and noncondensibles from a lat- 
er step of the method; 

(b) passing the mixed heat transfer fluids and 
noncondensibles from said drywell through a 
containment condenser for condensing at 30 
least a portion of the heat transfer fluid; 

(c) passing the condensed heat transfer fluid 
of step (b) from said containment condenser 
to said RPV; and 

(d) passing the noncondensed balance of the 35 
heat transfer fluid and the noncondensibles of 
step (b) into said drywell for mbcing In step (a) 
with said heat transfer fluid and said noncon- 
densibles from said RPV. 
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